Objective: To further understanding of treatment of papillary thyroid carcinoma (PTC).
multivariate analysis revealed no survival difference between patients who had undergone total thyroidectomy and those who had undergone lobectomy. Increased tumor size, extrathyroidal extent, positive nodal status, and increased age displayed significantly worse DSS and OS (PϽ.001). Histologically, follicular PTC subtype did not affect DSS or OS. Patients who had received radioactive iodine had poorer DSS but improved OS. Patients undergoing external beam radiation therapy had poor DSS (hazard ratio, 4.48; 95% confidence interval, 3.30-6.06; P Ͻ.001) and OS (1.71; 1.42-2.07; PϽ .001).
Conclusions:
The results of this study compel us to reinvestigate the current PTC surgical recommendations of total thyroidectomy based on tumor size because this may not affect survival across all populations. In addition, the current use of external beam radiation therapy for the treatment of PTC should be reexamined. Surg. 2010; 136(11) : [1055] [1056] [1057] [1058] [1059] [1060] [1061] T HE AMERICAN THYROID ASsociation guidelines 1 are considered the criterion standard for evidencebased management of papillary thyroid carcinoma (PTC). The current surgical recommendation, which carries an A rating, is that patients with papillary thyroid tumors larger than 1 cm should undergo a near-total or total thyroidectomy (herein referred to as thyroidectomy). Lobectomy should therefore be reserved only for patients with selected tumors smaller than 1 cm (unifocal, absence of extrathyroidal spread, no evidence of nodal metastasis). This surgical recommendation is largely based on a recent population-based study by Bilimoria and colleagues 2 that uses the National Cancer Database. More than 50 000 patients with PTC with an average of a 5 1 ⁄2-year follow-up were stratified based on their surgical treatment (thyroidectomy vs lobectomy). Through multivariate analysis, recurrence and relative and overall survival (OS) benefits were seen with a more aggressive surgical approach (thyroidectomy) with all tumors 1 cm or larger. This report is the only study, to our knowledge, to demonstrate thyroidectomy survival benefit over lobectomy for PTC tumors 1 cm or larger. 2 The findings of Bilimoria et al are well supported within the careful statistical analysis; however, further questions persist.
Arch Otolaryngol Head Neck
Of note, the study by Bilimoria et al did not report on disease-specific survival (DSS). The decision to forgo DSS analysis was based on data from Percy et al 3 indicating that death certificate reporting is not accurate in population databases. However, when reviewing this study's subanalysis, thyroid cancer death certificate reporting was found to be highly accu-rate and dependable. 3 The question then arises as to whether a DSS benefit will be seen with a more aggressive surgical approach (thyroidectomy). In addition, although the National Cancer Database includes many important clinical factors used in the multivariate analysis, variables such as histologic subtypes were not included. Will the addition of histologic PTC subtypes alter the survival benefits seen? Finally, can we demonstrate similar survival benefits within alternate population databases to corroborate and thereby support the American Thyroid Association's recommendations? Herein, we aim to answer these questions. We investigate the effects of surgical therapy in treating PTC using the Surveillance, Epidemiology, and End Results (SEER) Program database. Although the SEER database has been used in the past in PTC research, these specific goals have not yet been reported. [4] [5] [6] 
METHODS
The SEER Program of the National Cancer Institute is a dependable national cancer registry that is widely used within the United States. SEER currently collects and publishes cancer incidence and survival data from population-based cancer registries covering an estimated 26% of the US population. SEER coverage includes 23% of African Americans and 40% of Hispanics. The mortality rate data reported by SEER are provided by the National Cancer Institute. 7 Updated annually and provided as a public service in print and electronic formats, SEER data were used in more than 400 publications in 2008 alone.
Using the SEER database, a population-based cohort analysis was performed. SEER maintains population-based registries in the following locations: Alaska (Native Alaskans); Arizona (Native Americans); Los Angeles, San Francisco/ Oakland, and San Jose/Monterey, California, and the Greater California area; Connecticut; Detroit, Michigan; Atlanta and rural Georgia; Hawaii; Iowa; Kentucky; Louisiana; New Jersey; New Mexico; Seattle/Puget Sound, Washington; and Utah. Patients with cancer of the thyroid between the years of January 1, 1988, and December 31, 2001, were included. The start year of 1988 was chosen because of the initiation of the Extent-ofDisease-10 coding system for thyroid cancers; we were then able to have uniform reporting of the extent of the primary tumor throughout the study group. The cutoff year of 2001 was to allow at least 5-year follow-up data before the 2006 close of the database. This 5-year follow-up gap has been used previously. 2 The patient subset was then limited by specific histologic diagnoses for PTC. Histologic subtypes included the following (International Statistical Classification of Diseases, 10th Revision 8 code): papillary carcinoma, not otherwise specified (NOS) (8050); papillary adenocarcinoma, NOS (8260); papillary carcinoma, follicular variant (8340); papillary microcarcinoma (8341); papillary carcinoma, oxyphilic cell (8342); papillary carcinoma, encapsulated (8343); papillary carcinoma, columnar cell (8344); and papillary cystadenocarcinoma, NOS (8450). These inclusion criteria yielded 27 821 patients.
Exclusion criteria for this study included age younger than 18 years (n=407), tumor size code of 000 (no tumor found) or 999 (unknown) (n=3693), tumor extent code of 99 (unknown extension) (n = 206), lymph node code of 99 (unknown whether lymph nodes are positive) (n = 61), and the following surgical codes: 00 (none, no surgery of primary site), 01 (incisional, needle, or aspiration biopsy of other than primary site), 02 (incisional, needle, or aspiration biopsy of primary site), 03 (exploratory ONLY [no biopsy]), 04 (bypass surgery, -ostomy ONLY [no biopsy]), 05 (exploratory ONLY AND incisional, needle, or aspiration biopsy of primary site or other sites), 06 (bypass surgery, -ostomy ONLY AND incisional, needle, or aspiration biopsy of primary site or other sites), 07 (non-cancer-directed surgery, NOS), 09 (uncertainty as to which surgery was performed), 13 (local tumor destruction, no specimen sent to pathology laboratory), 70 (thyroidectomy, NOS), 80 (thyroidectomy, NOS), 90 (surgery, NOS), and 99 (unknown whether any surgery performed) (n = 730). After exclusion criteria were filled, a cohort size of 22 724 was used in this study.
The following variables were included in the analysis: age at diagnosis, sex, race, histologic subtype, tumor extent, tumor size, lymph node involvement, extent of surgery, radiation therapy (isotopes or external beam), OS in months, and DSS in months. Descriptive statistics were calculated for all variables. Surgical patients were divided into 2 groups: those undergoing lobectomy (including true lobectomies and lobectomies including up to partial contralateral resection) and those undergoing thyroidectomy (including subtotal and total thyroidectomy). Both OS and DSS outcomes were estimated by the Kaplan-Meier method. Tumor size cutoffs for multivariate analysis were as follows: less than 1 cm, 1 to 1.9 cm, 2 to 2.9 cm, 3 to 3.9 cm, and 4 cm or larger. These sizes were chosen to fully incorporate American Joint Committee on Cancer T staging in that, based on greatest dimension alone, thyroid tumors cannot be upstaged for dimensions greater than 4 cm. 9 Stratified analyses using the Cox proportional hazards model were performed for all the listed variables. Hazard ratios (HRs) with 95% confidence intervals were generated. Any HR greater than 1.0 indicate worsened prognosis. PϽ.05 was considered significant. Analyses were performed using the statistical package R (R, version 2.10.1; Institute for Statistics and Mathematics, Vienna, Austria; www.r-project.org).
RESULTS
Of the 27 821 patients with PTC listed in the SEER database between the years 1988 and 2001, 22 724 patients matched inclusion and exclusion criteria and were therefore included in the analyses. The mean (SD) follow-up time was 109 months (9.1 years). From this cohort, the total number of live patients equaled 20 586 (90.6%), the total number of dead patients equaled 2138 (9.4%), and the total number of cause-specific dead patients equaled 471 (2.1%). Patient characteristics are listed in Table 1 . Noteworthy is the surgical management of lobectomy for 534 patients with advanced T stage (Ͼ4 cm). Also of note are the 1185 patients given radioactive iodine (RAI) and 93 given external beam radiation therapy (XRT) who underwent limited surgical resection.
Although a number of variables revealed univariate statistical significance, multivariate analysis is required to conclusively comment on the clinical significance of any of the clinical factors. Therefore, Table 2 reviews the HRs for OS and DSS, respectively. Although controlling for the remaining variables, the multivariate models revealed that patients with increased tumor size demonstrated poorer OS and DSS. The tumor sizes were divided into progressive groups of less than 1 cm, 1 to 1.9 cm, 2 to 2.9 cm, 3 to 3.9 cm, and greater than or equal (REPRINTED) ARCH OTOLARYNGOL HEAD NECK SURG/ VOL 136 (NO. 11), NOV 2010to 4 cm. With significance (P Ͻ.001), each tumor size group demonstrated progressively worse OS and DSS; however, the most substantial decrease in survival was seen between the 3-to 3.9-cm and greater than or equal to 4-cm groups (10-year OS decreased by 10.7%; 10-year DSS decreased by 6.6%). Likewise, patients with aggressive tumor spread had decreased OS and DSS. Advanced age and positive lymph nodes reduced OS and DSS. Sex displayed an interesting survival pattern. Although male sex had a significantly (PϽ.001) worse HR (1.24) for OS, men did not show a significant difference in DSS. Patients of races other than white revealed equivalent OS and DSS. Surprisingly, although controlling for the remaining variables, including tumor size, the surgical groups of lobectomy and thyroidectomy did not reveal any differences in OS or DSS. Even by performing subgroup analysis (data not shown) for tumors 1 cm or larger, no significant difference was found between the surgical groups of lobectomy vs thyroidectomy (P=.05 for OS and P=.09 for DSS).
Patients undergoing XRT demonstrated significantly worse OS and an almost 4.5-fold increase in diseasespecific mortality rate. Patients treated with either RAI or implantable radioactive seeds demonstrated an intriguing survival pattern. The OS demonstrated a modest but significant improvement. However, this pattern reversed when analyzing for DSS in that RAI patients demonstrated poorer DSS than the no-radiation treatment group. Lastly, the histologic subtype papillary carcinoma, follicular variant, did not demonstrate any survival changes. The Figure displays the Kaplan-Meier survival curves for surgical type subgroups, radiation treatment subgroups, and tumor size subgroups. The Kaplan-Meier graphs incorporate only a univariate model of survival. Because of the complex nature of OS and DSS regarding radiation treatment, these Kaplan-Meier graphs have been adjusted for tumor extent. A substantial decrease in OS and DSS is seen with tumors extending beyond the thyroid capsule treated with XRT. However, the tumors confined to the thyroid capsule display improved survival curves over both RAI and no-radiation treatment.
Given the surprising survival effects of radiation treatment, the individual variables were stratified among the treatment subgroups in Table 3 . Each radiation subgroup (XRT, RAI, and implants) consisted of significantly larger tumor sizes, more extensive tumors, and greater lymph node involvement (P Ͻ .001). All variables were statistically similar between the RAI and radioactive implant groups except lymph node involvement. When reviewing the patient selection for radiation treatment, an impressive 30.7% of patients given XRT demonstrated only localized tumor without evidence of regional or distant metastasis. In addition, 19.9% of all patients treated with lobectomy were referred for RAI completion therapy.
COMMENT
The results of our study compel us to reinvestigate the current PTC surgical recommendations of total thyroidectomy based on tumor size because this may not affect survival across all populations. Analyzing more than 22 000 patients with PTC in the SEER database, no survival benefit was demonstrated with more aggressive surgical therapy (thyroidectomy vs lobectomy). These equivalent surgical outcomes were noted in the multivariate analysis when all tumor size subgroups (Ͻ1 cm, 1-1.9 cm, 2-2.9 cm, 3-3.9 cm , and Ն4 cm) were represented. In addition, when repeating the multivariate analysis and selecting out all tumors smaller than 1 cm, no survival benefit could be demonstrated. Our data support previous institutional reviews 10 and National Cancer Database studies 11 that demonstrated no significant survival improvement based on extent of surgical resection. Although the present study can present significantly more substantial analysis than the smaller (n = 403) institutional studies, 10 the present study also includes multivariate analysis, which previous population studies exclude.
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There are also conflicting data regarding the use of postoperative RAI. This controversy has led to intricate rec- ommendation 32 in the American Thyroid Association guidelines regarding postoperative RAI administration. 1 In brief, the guidelines state that RAI should be given only to patients with high-risk or advanced-stage PTC. A recent multi-institutional study 12 demonstrated survival data to support this targeted recommendation. However, this study only reported on OS rates. Our study supports this finding that there is improved OS with RAI treatment; however, there is a survival reversal when DSS is analyzed. This may call into question many RAI studies that delineate the survival benefits based on OS alone. Yet, it is not clear why there are opposite survival trends with RAI. Perhaps, DSS is worsened based on patient selection alone as seen in the present study by the higher rates of patients with advanced local and distant disease. On the other hand, patients given RAI may represent a more compliant population who are more likely to continue their endocrinology follow-ups and maintain closer contact to their physicians, thereby improving their OS.
A similar finding is demonstrated by the sex variable as well. Female patients with PTC showed a significant OS benefit in multivariate analysis. However, the statistical significance was lost in DSS. Again, sex differences in OS and DSS benefits may be owing to an increased rate of medical compliance by women. However, it is more reasonable to explain this finding in relation to women's increased longevity (regardless of cancer status), 13 which would affect OS but not DSS. Such hypotheses would need dedicated study for validation.
The role for XRT has only been studied in select PTC patient groups. In each of the studies, XRT has been purposefully selected for aggressive cases. Almost universally, XRT has improved recurrence rates, 14-16 survival rates, 17 or both. 18, 19 However, the indications for treatment are highly institutionally specific, making overall comparisons challenging. Although adjuvant XRT is part of the American Thyroid Association treatment paradigm, it still is not a part of mainstream PTC treatment. This may be owing to studies demonstrating equivalent survival, 20 as well as the significant short-and longterm toxic effects of XRT. In the present study, it is evident from the breakdown of patient subgroups that there is a wide range of subgroups being referred for XRT. A total of 168 patients without extrathyroidal spread and without evidence of nodal metastasis were treated with XRT; 42 patients with distant metastasis were also treated with irradiation to the primary site. It is likely that confounding factors led to these irregular treatment choices. As such, the poor radiation survival statistics seen in the present study can likely be ascribed to a selection bias. Many of the patients receiving XRT may have already developed untreatable disease. This is most clearly demonstrated by the difference in OS compared with DSS. Although the HR for OS was 1.71, the HR for DSS increased to 4.48, signifying a much poorer prognosis. Although these statistics may be interpreted as XRT having limited efficacy with PTC, it is much more plausible given the documented success rates that these findings are owing to a severely skewed patient subgroup.
To date, to our knowledge, no randomized trial has addressed the issue of extent of surgical treatment for PTC.
Given the large sample size required to demonstrate significance, this is a somewhat arduous task. Current data have therefore been amassed from individual institutional experiences and from cancer registries. Both approaches hold inherent weaknesses. Institutional studies' sample sizes are limited compared with the statistical power that a large registry sample size can create. On the other hand, registry data, such as the SEER database, consist of many limitations. Although the SEER Program holds annual audits and mandates accurate reporting, 7 it is still based on thousands of registrars distributed widely throughout the country. As such, incorrect coding can lead to inaccurate analyses. Specifically, approximately 5000 patients with PTC had inadequate coding and were therefore excluded from the current study. In addition, as addressed in previous studies, 2 19 .9% of patients treated with lobectomy were registered as "administered RAI." This large percentage may in fact be a spurious result from inaccurate coding of iodine 131-labeled uptake scans and not iodine 131-labeled ablative doses. However, the currently reported rate of 54% of thyroidectomy patients receiving RAI is equivalent to the National Cancer Database study by Bilimoria et al. 2 Next, the SEER database uses Native Alaskan and Native American registries as 2 of its 18 reporting sources. Although it is critical that the SEER database continues to include these populations, their inclusion may skew patient distribution from that of a large urban center. Lastly, the lack of tumor recurrence data is a significant limitation of the current study. Optimally, the high-risk variables should be assessed for their recurrence risk in addition to their OS and DSS rates. However, these data were not available within the SEER program. Despite these shortcomings, the SEER Program is a well-used research tool and is widely considered a reliable data source. 21 Our findings herein suggest that perhaps it is time for a subtle paradigm shift in our approach to PTC. Historically, given the excellent overall prognosis, PTC has been studied as a distinct entity apart from all other carcinomas. To that end, we address this carcinoma distinctly from others in the head and neck. However, as has been taught, we must achieve "adequate surgical resection of the [PTC] disease." 22 Therefore, in place of blanket decision trees mandating which tumor sizes call for lobectomies and which call for thyroidectomies, the goal of PTC surgery should be to clear the disease. Also, although the multicentricity of PTC and risk of contralateral microfoci have been well documented, 23 it is likely these areas can be adequately treated if they ever become clinically evident, and our focus should remain on the primary tumor. With a more tailored treatment strategy toward individual tumors, as opposed to individual tumor criteria, we may continue to improve our patients' rate of survival.
Using the SEER database, the outcomes of 22 724 patients with PTC were analyzed. In conclusion, PTC remains a cancer with good overall prognosis. Factors that decrease DSS and OS include advanced age, increased tumor size, extrathyroidal tumor growth, and regional and distant metastases. However, multivariate analysis revealed that the extent of surgical resection does not impart a significant DSS or OS benefit. The survival benefit (REPRINTED) ARCH OTOLARYNGOL HEAD NECK SURG/ VOL 136 (NO. 11), NOV 2010of RAI treatment was unclear because of improved OS but worsened DSS. Patients receiving XRT displayed significantly worse DSS and OS. These data therefore call into question the recommendation of surgical extent based on size criteria alone. In addition, current RAI and XRT practices should be reevaluated.
